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Tel Aviv, Israel; Tacoma, Washington, USABackground and Aims: The self-propelled disposable colonoscope (SPDC) with a 360 view is designed to
enhance visualization, minimize risks of perforation and infection transmission, and shorten operator training
time associated with conventional colonoscopy (CC). We evaluated SPDC efﬁcacy for cecal intubation and safety.
Methods: Prospective patients presenting for colorectal cancer screening underwent SPDC immediately followed
by CC. Initial patients necessary for SPDC operators to achieve proﬁciency comprised the training cohort. Sub-
sequent enrolled patients comprised the study cohort. SPDC colonoscopy was performed up to the cecum,
where anatomic landmarks were photographed and mucosal suction marks were placed. During SPDC with-
drawal, polyps were recorded and similarly marked. On the second pass (by using CC), any potential mucosal
damage and suction marks from the SPDC as well as polyps were recorded. Main endpoints included SPDC cecal
intubation rates, conﬁrmed by anatomic landmarks and residual marks seen on subsequent CC, and frequency
and severity of adverse events and mucosal damage with SPDC. The secondary endpoint was subjective proce-
dure proﬁciency, evaluated by the operator based on the training cohort. The tertiary endpoint was documenting
pathologies visualized with SPDC.
Results: Fifty-six of 58 enrolled subjects completed the study. Proﬁciency with SPDC was attained after 8 to 10
procedures. Cecal intubation was successful in 98.2% (55/56 subjects; 95% conﬁdence interval [CI], 90.4%-99.9%),
including 100% (95% CI, 90.7%-100%) of the study cohort and 94.4% (95% CI, 72.7%-99.9%) of the training
cohort. No mucosal damage or adverse events were reported. SPDC detected 87.5% of polyps seen in tandem
CC, including all polyps larger than 5 mm.
Conclusions: SPDC was highly successful, simple to use, and safe in achieving complete colonoscopy (cecal intu-
bation). (Clinical trial registration number: 0692-12-TLV.) (Gastrointest Endosc 2016;83:998-1004.)Colorectal cancer (CRC) is the second leading killer
among cancers in the Western world. The risk of the
development of CRC and of CRC-related mortality is
reduced by removal of adenomas and early detection
and treatment of cancers. Colonoscopy is considered
the criterion standard for colon inspection and removalns: CC, conventional colonoscopy; CI, confidence interval;
intubation rate; CRC, colorectal cancer; SPDC, self-propelled
olonoscope.
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This video can be viewed directly
from the GIE website or by using
the QR code and your mobile de-
vice. Download a free QR code
scanner by searching “QR Scanner”
in your mobile device’s app store.
ROINTESTINAL ENDOSCOPY Volume 83, No. 5 : 2016of polyps, with recent reports suggesting a correlation be-
tween the increased adoption of screening colonoscopy
and the reduced incidence of CRC.1,2
Conventional colonoscopy (CC) is associated with
risks, albeit limited and ﬁnite, which may be life threat-
ening. These include bowel perforation and infectiousCopyright ª 2016 The Authors. Published by Elsevier, Inc. on behalf of the
American Society for Gastrointestinal Endoscopy. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Gluck et al Novel self-propelled disposable colonoscope is effective for colonoscopydisease transmission.3-6 Infections may occur due to fail-
ure to meet standards of reprocessing7 or because of
inherent difﬁculties with complete disinfection.8,9
Although reported infection rates associated with colo-
noscopy are low, such infections may go unrecognized
due to a lack of appropriate surveillance and reporting
as well as a lack of acute symptoms.4,10,11 Achieving pro-
ﬁciency in performing CC, including consistent cecal intu-
bation and recognition of colon pathologies, requires a
substantial learning process estimated to be at least 300
to 500 colonoscopy procedures.12,13
The self-propelled disposable colonoscope (SPDC) sys-
tem (Aer-O-Scope; GI View Ltd, Ramat Gan, Israel) was
designed to address these concerns (Fig. 1; Video 1, avail-
able online at www.giejournal.org). The SPDC includes an
external workstation with full joystick control (Fig. 1A)
over the inserted, fully disposable scanner unit. The scan-
ner comprises a soft, ﬂexible, light-weight cable (multilu-
men) attached to a system of pliable polyurethane
balloons (Fig. 1B). Gentle propulsion of the scanner is
achieved by inﬂating the balloons and colon with CO2,
supplied by the workstation at a maximal pressure of 60
mbar. This minimizes the need for the operator to apply
pushing force to the instrument and facilitates easy
maneuvering around difﬁcult anatomic ﬂexures and
colonic angulations. Pushing forces when applied by the
operator to the soft cable of the SPDC are scattered
over the entire surface area of the balloons before reach-
ing the colon wall. This is in contrast to CC in which basal
inﬂation pressure reaches 75 mbar, whereas forces as
high as 2.5 kg are applied by the physician to the tip of
the CC and are transmitted directly to the colon wall
causing pressure as high as 1200 mbar.14 An additional
pulsating balloon located at the tip of the SPDC scanner
further eases colonoscope intubation. The hydrophilic
coating of the balloons and cable lowers friction by
more than 90%, thus enhancing movement in the colon.
At the scanner tip are openings for irrigation, suction,
and insufﬂation as well as the optical head with a camera
and light sources (Fig. 1C). A bending section toward the
tip of the colonoscope allows full steering control of the
optical head using the joystick at the workstation, which
enables optimal visualization of suspected areas and
easy navigation through tortuous turns in the colon. Alto-
gether, these features have the potential to reduce the
risks of colonic perforation. Because the SPDC scanner
component is completely disposable, it carries no risk
of infectious disease transmission and obviates the need
for decontamination.
The enhanced optical system contains white-light LEDs
and a CMOS high-deﬁnition digital camera, providing stan-
dard forward views with a 57 ﬁeld of view as well as simul-
taneous complete 360 (omni) view of a cylindrical strip of
the colon 18 toward the front and 26 toward the rear
(Fig. 2; Video 1, available online at www.giejournal.org).
This allows the operator to have continuous visualizationwww.giejournal.orgof the colon lumen even when the optical imaging head
is ﬂush against the colonic wall, aiding in steering and
advancement of the SPDC around ﬂexures and bends.
An initial pilot study performed with a prototype
model15,16 provided proof-of-concept of the SPDC system
with regard to its ability to intubate the colon.17
The aim of this study was to evaluate the ability of the
new SPDC system to meet accepted efﬁcacy benchmarks,
speciﬁcally cecal intubation, in a group of patients referred
for screening colonoscopy.METHODS
Design
This was a prospective, single-center, noncomparative
study performed at a tertiary care hospital. Subjects under-
went colonoscopy examination with SPDC, immediately
followed by CC, performed by the same operator. A
follow-up telephone call was performed 24 to 48 hours af-
ter the procedure to query study subjects regarding de-
layed symptoms/adverse events.
Study subjects
Subjects were asymptomatic adults at average or
increased CRC risk (based on family history) referred
for screening colonoscopy. All subjects signed an institu-
tional review board–approved informed consent. Each
subject underwent an interview for relevant medical his-
tory and full physical examination before the colonoscopy
procedures. As many as 10 initial subjects per operator
were intended to be part of a training cohort, which
was to be evaluated for device safety only. Operators
could reduce the number of subjects in their training
cohort if they believed that they had reached proﬁciency
with the SPDC.
Study endpoints
The primary efﬁcacy endpoint was documented cecal
intubation with a goal of more than 90% of all study sub-
jects. The primary safety endpoint was the frequency and
severity of device-related serious adverse events, deﬁned
as resulting in death or serious injury. Because serious
adverse events are rare, establishing safety requires high
numbers of study subjects. Therefore, for the safety
endpoint, this was a pilot study.
Secondary study endpoints included SPDC ease of use
compared with physicians’ experience with CC in general
and overall visualization with SPDC compared with physi-
cians’ experience with CC. Data pertaining to these sec-
ondary endpoints were subjective and obtained via a
questionnaire completed by the operator by using a visual
analog scale immediately after the procedure.
Additional study endpoints included ascertaining the
number of SPDC colonoscopies needed to acquire proﬁ-
ciency in device operation and documenting the numberVolume 83, No. 5 : 2016 GASTROINTESTINAL ENDOSCOPY 999
Figure 2. Self-propelled disposable colonoscope visualization. A, The colonoscope is shown within the intestinal lumen. The spectrum of visualization is
illustrated by white shading. A polyp behind a fold (green circle) is seen and picked up in the omni 360 view screen, shown on the right. B, Schematic of
colonoscope ﬁelds of view.
Figure 1. Features of the self-propelled disposable colonoscope system. A, External workstation with full joystick control. B, Fully disposable scanner unit
comprising a soft, ﬂexible light-weight cable (multilumen) attached to a system of pliable polyurethane balloons. C, Scanner tip with openings for irri-
gation, suction, and insufﬂation as well as the optical head with a camera and light sources.
Novel self-propelled disposable colonoscope is effective for colonoscopy Gluck et alof pathologies visualized with SPDC compared with CC.
The latter was a tertiary objective because a controlled
visualization study intended to compare polyp detection
between the SPDC and CC had already been performed
in animals.18 Therefore, obtaining histological correlation
for all visualized pathologies during tandem CC was not
part of this protocol, and endoscopists could decide to
retain hyperplastic-appearing diminutive rectosigmoid
polyps during CC.
Endoscopic procedure
Subjects underwent bowel preparation by using split-
dose MoviPrep, bisacodyl, metoclopramide, and a low-
ﬁber diet (beginning 48 hours preprocedure) and signed
a form conﬁrming adherence to these prep instructions
before colonoscopy.
Two senior gastroenterologists (N.G., A.M.) with exten-
sive experience in CC (>5 years, >1000 procedures annu-
ally) performed all colonoscopy procedures. One
physician had performed 21 SPDC procedures in a previ-
ous swine study. The second physician performed 2 proc-
tored procedures in humans a year earlier. Both physicians
observed a presentation of the operating system and an
initial training session on a model colon before the study.1000 GASTROINTESTINAL ENDOSCOPY Volume 83, No. 5 : 2016Both physicians were proctored during the training phase
of the study.
Subjects were sedated at the direction of the perform-
ing endoscopist, with intravenous fentanyl (0.05 mg), mid-
azolam (2 mg), and propofol as needed. The SPDC was
introduced into the rectum and advanced to the cecum.
Once the cecum was intubated and anatomic landmarks
(ileocecal valve and appendiceal oriﬁce) were visualized
and photographed, the cecal mucosa was marked by
placing a suction mark as conﬁrmation of cecal intubation.
This mark could then be visualized during the subsequent
CC. All pathologies were recorded and similarly marked.
Findings and cecal intubation time were recorded on the
case report forms.
CC was performed immediately after the SPDC colonos-
copy to monitor for any mucosal damage and to screen for
colonic pathologies (during withdrawal). Findings during
CC, including SPDC suction markings, were noted on the
case report forms.
Immediately after completion of both procedures, the
endoscopists ﬁlled out a simple questionnaire by using a
visual analog scale related to device ease of use and overall
visualization during the SPDC colonoscopy. This allowed
self-evaluation and also gave the operator an opportunitywww.giejournal.org
Figure 3. Characteristic round suction mark of a self-propelled dispos-
able colonoscope (yellow circle) near the ileal oriﬁce as seen by tandem
conventional colonoscope.
Gluck et al Novel self-propelled disposable colonoscope is effective for colonoscopyto note the learning curves and comfort of operation
throughout the investigation.
The study was approved by the institutional review
board at the Tel Aviv Medical Center.
Statistical methods
Cecum intubation rates (CIRs) were calculated for the
training cohort, study cohort, and all procedures along
with corresponding 2-sided 95% conﬁdence intervals
(CIs) by using the exact method for binomial proportions.
The polyp miss rate was calculated along with the corre-
sponding 2-sided 95% CI by using the exact method for
binomial proportions. The data were analyzed by using
SAS version 9.1 (SAS Institute, Cary, NC). Adverse events
were coded according to coding dictionaries (MedDRA
version 16.1).
The study was originally planned as a 2-phase sequential
trial, aiming to obtain results from the ﬁrst phase before
proceeding to the second. The planned sample size at
each phase was 40 subjects in the study cohort, aiming
to provide 36 subjects in the study cohort per phase allow-
ing a dropout rate as high as 10%. The effects of early
termination on type I error and bias in estimated CIR
were evaluated by using actual probabilities under bino-
mial distributions determined by maximum per-phase sam-
ple size of 40, a dropout rate of 10%, and a CIR ranging
from 80% (probability of early stopping Z 0) to 99.5%.RESULTS
Subjects
Fifty-eight subjects (34 male and 24 female, body mass
index ranging from 20.2-39.6) 27 to 72 years of age were
enrolled in this study between August and November
2013 (younger subjects were examined based on family
history). Two subjects were withdrawn due to poor bowel
preparation (solid stool that could not be irrigated). Fifty-
six subjects remained and are reported on here.
The 2 participating physicians required 8 and 10 proce-
dures, respectively, to feel competent in operating the
SPDC. Thus, the training cohort was deﬁned as including
18 subjects, with the remaining 38 subjects considered
the study cohort. No subjects were lost to follow-up.
Safety of SPDC operation
During the intubation phase of CC, no colonic mucosal
damage, which may have been caused by the immediately
preceding SPDC colonoscopy procedure, was detected.
There were no reported adverse events or device failures.
Cecal intubation by using SPDC
Cecal intubation was successful in 55 of 56 subjects
(98.2%) (95% CI, 90.4%-99.9%), including 38 of 38
(100%) in the study cohort (95% CI, 90.7%-100%), and
17 of 18 (94.4%) in the training cohort (95% CI,www.giejournal.org V72.7%-99.9%). In 1 subject, colonoscopy with the SPDC
was successful, but CC failed to reach the cecum due to
inadequate patient prep. The conﬁrmation of cecal intuba-
tion was obtained by visualizing SPDC suction marking
during CC in 52 of 55 subjects (94.5%) (Fig. 3) and by
SPDC documentation of cecal landmarks in all other cases.
Early termination
Effects of early termination on type I error and bias in
the estimated CIR were minimal. The probability of obtain-
ing 38 successes in 38 subjects (the result in the study
cohort of the ﬁrst phase) is less than 1.3% for a CIR that
is lower than the goal (90%); the coverage levels of the
exact binomial 2-sided 95% CIs exceeded the nominal
95% for CIRs ranging from 80% to 99.5%. Bias was less
than 0.1% for CIRs less than 90%, and less than 0.3% for
CIRs 90% or greater. Based on these results, the study
was terminated for efﬁcacy after the ﬁrst phase.
Study times
Retroﬂexion of the optical head, revealing the distal
balloon on the omni view (Fig. 4), occurred in all subjects,
was 100% speciﬁc to the cecum and was documented at a
mean of 10:59  7:13 minutes. Formal conﬁrmation of all
cecal landmarks was obtained at a mean of 13:28  7:58 mi-
nutes. Exclusion of 2 subjects with exceptionally tortuous
colons resulted in a mean of 9:55 and 12:15 minutes for
cecal retroﬂexion and formal conﬁrmation, respectively.
Mean withdrawal time was 14:04  5:18 minutes.
Ease of use and overall visualization
Both participating endoscopists rated all technical as-
pects of SPDC use and visualization as excellent on a sub-
jective visual analog scale (Supplementary Table 1,
available online at www.giejournal.org).olume 83, No. 5 : 2016 GASTROINTESTINAL ENDOSCOPY 1001
Figure 4. Retroﬂexed distal balloon in the cecum (green arrow) as seen
with a self-propelled disposable colonoscope.
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A total of 40 polyps were visualized in 23 subjects
on second-pass CC (a polyp detection rate of 41.1%).
Thirty-ﬁve of these 40 polyps (87.5%) had been previously
detected by SPDC colonoscopy. Thus, the SPDC colonos-
copy polyp miss rate was 12.5% (95% CI, 4.2%-26.8%).
Missed polyps were located in the rectum, sigmoid (2
polyps), ascending colon, and ileocecal valve. Thirty-three
polyps were resected from all segments of the colon: 25 ad-
enomas, 7 hyperplastic polyps, and 1 sessile serrated polyp.
Subgroup analysis was performed for polyp miss/detec-
tion rates of diminutive (5 mm) and clinically signiﬁcant
(6 mm) polyps by SPDC colonoscopy. The miss rate for
diminutive polyps was 15.2% (5/33) (95% CI, 5.1%-
31.9%). However, the detection rate for polyps 6 mm or
larger was 100% (7/7) (95% CI, 59%-100%). Thus, the
miss rate for large polyps was 0%.
Fourteen subjects who underwent polyp resection by
CC had histology of adenomas (adenoma detection rate
of 25%). In 12 of 14 subjects (86%, 21.4% of the total num-
ber of subjects), these adenomas had been deﬁnitely iden-
tiﬁed and marked using suction in the preceding SPDC
colonoscopy.DISCUSSION
This prospective study demonstrates for the ﬁrst time
the safety and efﬁcacy of the current SPDC system in a hu-
man cohort. No colonic mucosal damage or adverse events
occurred. High cecal intubation rates, exceeding the
study’s a priori target of 90%, were observed, even in naïve
system operators. Subjective operator competence with1002 GASTROINTESTINAL ENDOSCOPY Volume 83, No. 5 : 2016the device was high and was achieved after 10 or fewer
subjects.
The SPDC has several important novel features. By be-
ing disposable, the labor and cost involved in disinfecting
and maintaining endoscopy equipment, as well as the lia-
bility of possible transmitted diseases such as HIV and
chronic hepatitis4,19 in cases of breaches in the disinfection
routine, are eliminated, and infectious disease transmission
is prevented. A number of studies have found biological
proof of residual contamination despite high-level disinfec-
tion of colonoscopes.8,9 When coupled with emerging re-
ports of resistant bacteria20 including several clusters of
CRE infections associated with duodenoscopes,21,22 a de-
vice that could prevent superbug contamination of other
endoscopes may become relevant. A disposable device
could be particularly appealing for patients who are at
high risk of transmitting infections or those with a compro-
mised immune system who are at higher risk of becoming
infected.
Operators of the SPDC in this study felt comfortable
operating this new device and interpreting endoscopic im-
ages quickly, despite the different characteristics of naviga-
tion, insertion tube, and optics provided. Although this
study was not designed to provide more objective mea-
sures evaluating the learning curve (which will require
further studies), this study does suggest that experienced
endoscopists can begin using the SPDC with minimal
training. These preliminary data, although encouraging,
cannot speak to a potential de novo learning curve for oper-
ators who have not previously performed colonoscopy, and
this will need to be addressed independently. Likewise,
although not a study endpoint, the intubation and with-
drawal times appear reasonable, in view of this being a pre-
liminary study using a novel device. The lag in time between
detecting cecal retroﬂexion of the SPDC and conﬁrming
landmarks in the cecum was also a result of the learning
curve. All times are expected to shorten with further use.
A unique feature of the SPDC is its 360 optics for
colonic visualization. Polyps that arise in concealed loca-
tions can be difﬁcult to detect with conventional forward-
viewing colonoscopy and may account for a proportion
of missed adenomas23 and subsequent interval colorectal
cancers. A number of devices that detect polyps behind
colonic folds and at anatomic ﬂexures have recently been
introduced to the market in an attempt to increase the
polyp detection rate through improved device optics.24-26
Although polyp detection was not a primary endpoint of
our study, it is interesting to note that the polyp miss
rate by using SPDC colonoscopy was 12.5%. This is lower
than what was found in similar tandem studies performed
with other colonoscopes.27-30 Importantly, the only missed
polyps in our study were diminutive polyps (5 mm).
Larger comparative studies are planned to conﬁrm this
important ﬁnding.
The current SPDC is a diagnostic device. In contrast to
CT colonography or colon capsule, it is intended for usewww.giejournal.org
Gluck et al Novel self-propelled disposable colonoscope is effective for colonoscopyin any clinic providing screening colonoscopy services,
whereby patients who have polyps needing resection
would undergo immediate targeted CC while under the
same preparation and sedation. Although 41% of subjects
in this study had ﬁndings, most polyps (33/40) were
5 mm or smaller. Ultimately, a practice that would save
many of these patients a tandem procedure may evolve.
This is in line with the common practice of CT colonogra-
phy, which has low sensitivity for detecting these diminu-
tive polyps in the ﬁrst place and with recent allowances
for optical diagnosis and retention of diminutive
hyperplastic-appearing polyps in the rectosigmoid.31 That
said, SPDC technology allows incorporation of a working
channel in future models.
A strength of the study design is that it provides external
validity of both the safety and the efﬁcacy of SPDC by using
second-pass (tandem) conventional colonoscopy that
documented intact colonic mucosa and SPDC cecal intuba-
tion (as documented by observation of purposefully
created cecal suction markings).
The limitations of this study are its nonrandomized
design and the small size of the study cohort. The latter
was somewhat compensated for by a minimal subject with-
drawal rate, high follow-up rates, and high efﬁcacy rates in
the training cohort that allowed their inclusion in the over-
all study efﬁcacy analyses. The performance of tandem CC
by the same operator is a potential source of bias in the
detection of damage to the colonic mucosa possibly
caused by SPDC and visualized during CC. The primary
endpoint, namely, cecal intubation, relies on objective
documentation of cecal landmarks and therefore is not
compromised by this bias. The use of 1 physician to
perform tandem colonoscopy in a comparative study has
been practiced in other recent studies.24-26 Additionally,
the ease-of-use assessment was subjective, obtained by
the operator of the device, albeit via a standardized scale.
In terms of safety, because of the rarity of bowel perfora-
tion, particularly in diagnostic procedures, this study is un-
derpowered for determining a speciﬁc perforation rate
relative to CC and can only be considered a pilot study,
similar to recent studies with other novel colonoscopy de-
vices.24-26 Further investigation will be needed to substan-
tiate the full safety proﬁle of the SPDC.
In conclusion, the SPDC appears effective and easy to
use in humans, with high performance in detecting colon
polyps. Additional studies are required to conﬁrm these
initial encouraging data.REFERENCES
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SUPPLEMENTARY TABLE 1. Visual analog scale rated by performing endoscopists immediately after SPDC colonoscopy (range 1-5 for very poor,
poor, fair, good, and excellent, respectively)
Study (N [ 38) Training (n [ 18) All patients (N [ 56)
Mean SD Mean SD Mean SD
Insertion and sealing 4.8 0.6 4.6 0.9 4.8 0.7
Navigation of device (manual) 4.9 0.2 4.8 0.4 4.9 0.3
Navigation of device (air assisted) 4.9 0.3 4.6 0.6 4.8 0.4
Scan grade (withdrawal) 4.8 0.7 4.9 0.3 4.9 0.6
General visualization 4.8 0.7 4.3 1.1 4.6 0.9
Overall performance 4.8 0.5 4.4 0.8 4.7 0.7
Overall perceived proficiency 4.9 0.2 4.5 0.7 4.8 0.5
SPDC, Self-propelled disposable colonoscope.
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